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Abstract 



This study is part of a larger research agenda, which includes future doctoral 
study, aiming to investigate the psychological processes of thought 
experiments. How do thought-experimenters establish relations between their 
imaginary worlds and the physical one? How does a technique devoid of new 
sensory input result to new empirical knowledge? In this study I investigate 
the following claims as possible answers: that intuition grounds the behaviour 
of an imaginary scenario in the experienced world; and that imagistic 
simulation provides the thought-experimenter with a quasi-perceptual 
analogue to direct perception through which they acquire novel empirical 
knowledge. Case methodology was adopted, the case being a pair of final year 
A-level physics students. Data was collected through non-participant 
observation over two sessions of collaborative problem-solving. The tasks 
drew upon Newtonian mechanics. A certain type of thought-experimental 
reasoning prevailed in the observation protocol. These thought experiments 
do not aim to induce unexpected results but to make intuitions about a 
situation experiencable in a concrete (imaginary) scenario. I interpret thought 
experiments of this type as a mental analogue to inductive discovery through 
physical experiment. A critical question for future research is whether all 
thought-experimental reasoning in general emulates physical 
experimentation, as the answer will potentially provide insights for exploring 
thought experimenting as an educable skill. 



Keywords: thought experimentation, intuition, mental simulation, science 
education 
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Introduction 



CHAPTER I 

l Introduction 



Secundum imaginationem 

(‘according to imagination’ - William of Heytesbury) 



Today Maria left her office and took the eight o’ clock bus to her place. At nine 
o’ clock she was meant to meet a friend at the cafeteria in the corner. And 
whilst everything looked promising for a relaxing night out, Maria could not 
find her keys to lock the house on her way out. The frightening thought came 
to her mind that she may have lost them in the bus. ‘But wait!’ thought Maria. 
‘If I had lost them in the bus, then I wouldn’t be able to get into the house in 
the first place - well, at least not through the door! This is absurd, the keys 
have to be somewhere in the house.’ 

This is a thought experiment. Unlike the thought experiments I will deal 
with in this study, it does not address a scientific problem. Nevertheless it 
shares most of the characteristics I will attribute to scientific thought 
experiments. First of all, it posits a hypothetical scenario: ‘If I had lost my keys 
in the bus...’ It has a runnable content which involves elements of personal 
participation: ‘if I had lost them in the taxi, then I wouldn’t be able to open the 
door in the first place!’ It results into new knowledge: ‘the keys have to be 
somewhere in the house.’ Somewhere in this reasoning, I will argue, there are 
intuitions which ground this imaginary scenario in the real world: we know for 
certain that normally one cannot open a locked door without a key. Somehow 
in this reasoning, I will also ague, these intuitions are accessed through an 
imagistic simulation of the situation, and this brings Maria to a 
reconfiguration of her cognitive apparatus. 

The term Gedankenexperiment was coined at the end of the last century by 
Ernst Mach (1886/1897) to describe a specific method of enquiry used by 
professional scientists as a mental analogue to physical experimentation. In 
the century that followed Gedankenexperiments, in their English translation 
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Thought Experiments (hereafter TEs), appeared sporadically in the literature 
of the philosophy of science most notably in Popper’s (1968) On the Use and 
Misuse of Imaginary Experiments, Especially in Quantum Theory and 
Kuhn’s (1977) A function for Thought Experiments. After the 1980s when TEs 
had been recognised as a technique in analytic philosophy, philosophical 
scrutiny was directed upon them. Heeding Mach’s recognition that ‘thought 
experiments are important not only in physics, but in every field’ (Mach, 
1905/1976, p.144), an outburst in philosophical interest in thought 
experimentation (TEation) in various disciplines inspired the publication of 
several books and articles in journals, some of which relate TEation with 
science education. 

Today it is indisputable even by the unsympathetic critics of TEation, 
that TEs are a common reasoning device in the context of both formal 
argumentation and in everyday life (finding Maria’s keys is an example of the 
latter). Nevertheless science education has yet to acknowledge the pedagogical 
benefits of TEation: for example, the DfES/QCA (DfES, 2002) scheme of work 
for science and the renditions of science underlying the UK National 
Curriculum by and large recognise the role of physical experimentation whilst 
TEation does not appear in commonly used textbooks, for example in tasks of 
the kind ‘frame a TE to show that...’. After all, students spend much more time 
in the privacy of their own ‘mental laboratories’ than in their schools’ 
laboratories. The driving force behind this work is the conviction that in order 
to realise the educational value of thought-experimental inquiry we firstly 
need to reach a sort of ontological agreement about what thought- 
experimental reasoning in science is, and secondly understand the 
psychological processes that underpin it. 

The purpose of my research, then including my future doctoral project, is 
to establish a conceptual framework for the psychological workings of 
scientific TEation, to ultimately inform pedagogy. Toward this direction the 
purpose of this study is first to establish a methodology for the investigation of 
the psychological processes in TEs secondly to generate hypotheses grounded 
in process data about the role of intuition and imagistic simulation in TEation. 

The plan for this thesis is as follows: 
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In Chapter 1 1 lay down the rough outlines of a provisional conceptual 
framework motivated by the philosophical study of TEation and empirical 
research in the qualitative physics tradition and research in mental 
simulation. 

In Chapter 2 I advocate a constructivist turn in the study of TEation 
based on the situated character of thought-experimental reasoning. 
Subsequently I describe the design for this research. 

In Chapter 4, following the analysis of the data in Chapter 3 , 1 interpret 
the findings in a set of theoretical ideas about the role of intuition and 
imagistic simulation in TEation, propose a set of questions that could 
orientate future research, and discuss how the methodology can be improved 
for my future doctoral project. 
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CHAPTER II 

2 Conceptual Framework 




Blindfold physics? 

(illustration in Brown, 2004b, p.24) 



2.1 PREAMBLE 

If we are to settle issues of TEation it is imperative that we explicitly debate 
what has and has not been done and what needs to be done. Reflection will 
help us avoid reinventing the wheel every time there is need for travel, as this 
will only deprive us from precious travel time in probing deeper in TEation. In 
this chapter I deconstruct the largely philosophical and historical literature on 
TEation and identify two key questions, namely the from-conceiv ability -to- 
possibility and the a priori informativeness paradoxes. The former questions 
how an imaginary hypothetical scenario can be relevant to, and informative 
about, the physical world. The latter questions how a process devoid of new 
empirical input can produce new empirical knowledge (one does not expect to 
become richer by handing over money from the left hand to the right). 
Philosophers of science, so the argument goes, in the empiricist and 
rationalist paradigms have focused their inquiries only on one of these 
questions each, based on what each tradition found more puzzling. The result 
of their debate is largely incommensurable vistas that give a limited range of 
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vision for understanding the actual transformations that occur in the learners 
and that may promote instructional situations related to TEation. 

In what follows I describe the most salient features of TEs and I suggest a 
conceptual framework accountable for both puzzles which I will use to 
approach TEs in this study. The framework is based on the idea of mental 
models, and more specifically, the role that intuition and imagistic simulation 
may play in mental models. The conceptual framework is based on two 
standards, namely theoretical and empirical accountability: In principle, a 
claimed-to-be well rationalised explanatory construct should distinguish at a 
minimum between TEs and non-TEs. It should provide provisions for a clear 
specification of the epistemological resources of TEs, and should maintain a 
technically well-developed and intersubjective terminology. As for empirical 
accountability, the need to go beyond philosophical discourse is to go beyond 
anecdotal and introspective evidence. Claims pertaining to the explanatory 
constructs should include wide empirical evidence so as to allow for analytical 
scrutiny at a variety of depths: the benefit is a theoretical account that takes 
into consideration process data, not only narratives of TEs. The assumptions 
and hypotheses underlying this conceptual framework will guide the design of 
the methodology, and the analysis and interpretation of the data. 

2.2 THAT WHICH HAS BEEN NAMED TES 

How does one know a TE when one sees one? TEs, unlike real experiments, 
have never had a prescriptive methodology to systematise the thought- 
experimental work in a discipline. Based on instances of reasoning which we 
recognise as TEs on the basis of early paradigmatic uses of the term, it is 
possible that a descriptive methodology of TEation is formulated. 

After Mach coined the term a wide variety of instances of reasoning were 
recorded as TEs. Additionally, later editions interpolate the term where it was 
not originally used (Gendler, 2003) so expanding the definition to include new 
cases between cases previously covered. 1 There is such a variety of uses of the 



1 For example, many credit Einstein to have been one of the first to have used the term 
Gedankenexperiment, however, Einstein despite his extensive readings of Mach appears not 
to have used the expression in his own writings (Gendler, 2003). After the publication of 
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term both across fields and within fields that the worry is that an excessively 
strict definition might disqualify as non-thought-experimental many instances 
that have been historically known as such. To avoid this, authors in the field 
provide a more reflexive account. According to Anapolitanos (1991), what one 
would consider as specific examples of TEs in the discipline, should be 
gathered and labelled as such on a tentative basis based on a minimal and not 
necessarily very precise idea of the patterns that all TEs follow. Brown’s 
(1991a, p.122) account is an example of such a definition: 

Thought experiments are performed in the laboratory of the mind. Beyond that bit of 
metaphor it’s hard to say just what they are. We recognize them when we see them: they 
are visualizable; they involve mental manipulations; they are not the mere consequence 
of a theory-based calculation; they are often (but not always) impossible to implement 
as real experiments... 

These considerations teach that discriminating akin reasoning techniques 
involving imagination is a difficult task. ‘As a matter of sociological fact, 
however, the expression [TEation] tends to be reserved for cases involving a 
certain degree of visualisation, complexity, or novelty’ (Gendler, 2003, p.389). 
So, for instance, even though a physics book might be giving problems 
involving imaginary scenarios and other ‘what if...’ situations, and despite 
what these problems’ intentions are in terms of new knowledge, the exercises 
per se are rarely considered material for TEs (even when their solution on 
behalf of the students entails TEation). Helm, Gilbert and Watts (1985) also 
alert that a problem arises in distinguishing TEs from any other mental 
activities that seem to have similar intentions to those of TEs, for example, 
any questions of the kind ‘suppose that...’. 

2.3 THE TRIPARTITE STRUCTURE 

Instead of giving one definition of TEs I will give a list of conditions that 
philosophers of science generally accept as salient features that capture 
something important about their fundamental structure and make it 
reasonable to credit TEs as a mode of reasoning. Such an open-ended 



Mach’s (1886/1897) essay the term seems to have taken about four decades to become 
widespread in scientific circles. 
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